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Lecture #2
Video Modality
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A Video-MME

™ On what date did the individual in the video leave a place that Simon thought was very important to him?

A. May 31, 2022. B. June 9, 2021. C. May 9, 2021. D. June 31, 2021.
The date of Day 1 is May 31, 2021. Simon is the camera man. Yosemite National Park did mean Depart Yosemite on Day 10.
[in Frames] a lot more to Simon. [in Subs/Audio] [in Frames]

?lﬁs .1 = : -, 1S , ‘OREGON. &

Full Video Link: )
01:10 0z2:22 youtu.be/VFntoBRGF1A 7:52 31:16
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How did the man wearing a bandage and holding an envelop, who appeared in the latter part of this video, sustain his injury?
l A. One of his hands was hit by a firework while he was setting it off.

B. His arms got injured while he was attempting to put out the fire at a burning house.

C. His hands were injured from falling down to the ground while he was chasing Wayne’s motorcycle.

D. One of his arms was dragged down by a dog lured with food by Wayne, while he was insulting Wayne's father.

Dragged down by a dog,. The man wearing a bandage Chasing Wayne's motorcycle. A burning house. Hit by a firework.
[Option D] and holding an envelope.
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Video Length Distribution Across Categories
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Fu et al. Video -MME: The First-Ever Comprehensive Evaluation Benchmark of Multi-modalLLMs in Video Analysis. arXiv:2405.21075
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# Model
Gemini 1.5 Pro

! Google

5 AdaReTaKe
HIT & Huawei
Qwen2-VL

# Alibaba

4 GPT-40
OpenAl
LLaVA-Video

5 Bytedance & NTU S-
Lab

LLM
Frames
Params

2 1/0.5 fpslﬁ
72B 1024
72B 7683"

- 3842"
72B 64

Date

2024-06-15

2025-03-04

2024-08-19

2024-06-15

2024-08-28

Overall (%)
w/o w

subs subs
75.0 813
73.5 79.6
71.2 | 778
71.9 | 772
70.6 76.9

£ &

Short Video
(%)

w/o w
subs subs
81.7 845
80.6 828
80.1 822
80.0 828
81.4 828

B o
Medium
Video (%)
w/o w
subs subs
743 810
749 79.7
713 768
703 | 76.6
689 75.6

30-60 min
Long Video
(%)

w/o w

subs subs
674 774
65.0 764
62.2 743
6530|721
615 | 725
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authors update
the benchmark
manually

we willanalyze
open -source
models

benchmark does
not necessarily
require strong
long-context
skills

[]



~§hxa ¥y U

. S| AGEE-SA'Se T s€SHIT | ~ AP

Different tests for
children and people
with ASD

(Skill Area) Skill

Example of situations and questions or tasks

(M) Visual discrimination

Objects are shown in front of the camera, with some shown more than once. Task:
Detect which objects were shown multiple times.

(M) Change detection

The camera is filming a table, then looks away for a few seconds, then looks back at
the table. Some changes may have occurred. Task: Explain what changed.

(M) Sequencing

Objects are put in a backpack. Task: List their order.

(M) Event recall

A person indicates a region on the table with the hand, then puts objects inside and
outside the region. Task: List the objects put inside the region.

(A) Object, action &
event counting

A person turns a lamp on and off. Task: Count the number of times the illumination
changed in the scene.

(A) Feature matching

A person puts wooden letters on the table. Task: Which letters have the same colour?

(A) Pattern discovery

Geometric shapes are shown in a pattern. Task: What shape will be shown next?

(A) Pattern breaking

A person puts multiple cups all facing upwards and one facing downwards. Task:
Indicate the object that breaks the pattern.

(P) Object permanence

A person plays a cups-game with 3-4 cups by hiding a small object under one of the
cups, then shuffles the cups. Task: Predict where is the hidden object after shuffling.

(P) Spatial relations &
containment

A person puts a bookmark in a book, then puts the same or another book in a
backpack. Task: Where is the bookmark at the end?

(P) Object attributes A person writes on a piece of paper. Task: Is the paper lined or plain?
(P) Motion & occluded in- A person moves an occluder object in front of a small object, sometimes moving
also the small (occluded) object. Task: Was the small object moved?

teractions
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EXAMPLE1
e

Sounds Humng (glass table

e s

Movmg something around (g!ass)

Droppmg (glass book mange, table‘

Putting something on top of something (mango, book)

Actlons - Puttlng something on top of something (book, glass)

Object tracks

Point tracks

Multiple-choice video QA

Area: Physics, Reasoning: Predictive
Question: Is the configuration of objects likely to be stable after placing the last object?

Options:
a) The configuration is likely to be stable.
b) The configuration is likely to be unstable.

c) One cannot judge the stability of this configuration.
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Multiple-choice video QA

Area: Memory, Reasoning: Explanatory

Question: What changed on the table while the camera was looking away?
Options:

a) The mobile and clip swapped positions.

b) The bottle and watch were removed and a clip and mobile were added.
c) The mobile was added and a clip was removed.

Grounded video QA

Area: Memory, Reasoning: Descriptive

Question: Track the objects that were added to the table while the camera
was looking away.

Grounded video QA annotations
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Benchmarks: PerceptionTest (2023)
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Multiple-choice video QA
Area: Memory, Reasoning: Counterfactual
Question: If the person had put the objects in the backpack in reverse order, which object or objects would have been put in second?

Options: a) shirt b) pen c) laptop
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Benchmarks: PerceptionTest (2023)
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Annotation type # classes #annot # videos Rate (fps) Area # videoQA Reasoning # videoQA
Objects tracks 5101 189940 11609 1 Memory 7256 (36) Descriptive 31536 (106)
Point tracks NA 8647 145 30 Abstraction 12737 (58) Explanatory 4513 (14)
?C“og Segme“tts ?g 1;3?23 H igg 38 Physics 23741 (80) Predictive 1278 (7)
ound segments .

me—vOA 132 38060 10361 NA Semantics 24965 (82) Counterfactual 733 (5)
g-vQA 34 6086 3063 1
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Video Lecture

4655 5 [In Video Quiz]
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Can you fill in the superscripts and
subscripts for the second neuron?

o output of layer

— (previous layer)

actvaton veboe of - =
e el TR
ver af= gl b o el formula
sgmod
sptiverton funetion d: t__, menlbdhyw\.umf

a wagle amber

QuizTime
Can you identify key information in the video?
Perception » The in-video quiz answer is . The general formula for the in-video-quiz is
o I can perceive that the quiz answer is a;’ = g(w;’ -a” +b;"). The formulaiis o] = g (@ @' +b}'), \EJ
Can you comprehend the knowledge introduced in the video?
./ . : are : : ; =
Co prehens;bn » Based on your understanding, can you fill in the superscripts and subscripts for the neuron in ?
\ / o 1 can comprehend the general formula. By substituting layer=4, the answer is a," = g(w," - a* +b.") . ‘i'
Can you adapt what you learned from the video to solve a novel yet related problem? P
Adaptation » <Case1>is NOT covered in the video, can you calculate the ? (\: e
/ ® @
° | can adapt what | learned from the video to solve <Case 1>. The answer is 0.117. 22 <Case1> /

Hu et al. Video -MMMU: Evaluating Knowledge Acquisition from Multi-Discipline Professional Videos. arXiv:2501.13826

~§hxa ¥y U
| %8B+ Bkalln

: S| G0 AT E
aJ SH{ =7 ATUSSE
B - Baidd &

J s SGAVE
ISvif J]4E

(1]



- S| VAGHE o

Videos from YouTube

e Choose from 6 topics

e Topics are divided into
perception and problem
solving

e Multiple choice

N~

BAROOUE

Question: What does the speaker say when
introducing Peter Paul Rubens at the end of the

video? Select the option that precisely matches the
speaker’s statement.

Options:

(A) Peter Paul Rubens was a famous Baroque...

(B) Peter Paul Rubens is regarded as a prolific artist...
1) Peter Paul Rubens was the most important...

(J) Peter Paul Rubens is celebrated for his dynamic...

Track: Perception, Video Type: Concept-
introduction video, Subject: Art Theory,

QA Type: Automatic Speech Recognition (ASR)
Business

Question: According to the video, a minimum price
control on alcoholic drinks is intended to reduce
consumption fromQato ____, addressing negative
externalities. The policy raises the priceto ____
above the free market price of ____. Fill in the
blanks based on the video content.
Options:
(A) Q*, Pmin, Pa (B) Q*, P1, Pmin (C) Q1, Pmin, P2
(D)Qz2, P2, Pmin (E) Q*, P2, P1... (F)Q1, P2, Pmin
(G)Q2, Pmin, P1. (H)....  (I).... (J)) Q1,P1, Pmin
Track: Perception, Video Type: Problem-solving
video, Subject: Economics,
QA Type: Optical Character Recognition (OCR)

Humanities

Question: Based on your understanding of cultural
universals from the video, determine which of the
following statements are correct:

Statement 1: All human cultures have some...
Statement 2: The video uses the example of...
Statement 3: At 3:35, the video implies that ...
Statement 4: ... Statements: ...

Options:

(A) Statement 1 (B) Statement 2,3 (C) Statement 3,4
(D) Statement 2,4,5 ......(J) Statement 2,4

Track: Comprehension, Video Type: Concept-
introduction video, Subject: Sociology,
QAType: Concept Comprehension (CC)

Science
UL

~§ ha1 8,

| %3+ bkal3

Medicine

Question: Can you identify the abnormality on this
plain film of the pelvis? <image 1>

Options:

(A) Bone cyst

(B) Acute hip fracture

(C) Osteoarthritis

(D) Surgical hardware

(E) Resection of the pubic

(J) Bone infection

Track: Adaptation, Video Type: Concept-
introduction video, Subject: Clinical Medicine,
QA Type: Case Study Analysis (CSA)

Engineering

Question: In the video, Example Question (1) is
solved with an angle 8=25 degrees. If the angle 8 is
adjusted to 30 degrees while all other conditions
remain unchanged, what will be the updated result
for Example Question (1) as explained in the video?
Options:

(A) 4.00 seconds (B) 2.82 seconds (C) 3.50 seconds
(D) 2.50 seconds (E) 3.04 seconds (F) 2.00 seconds
(G)3.15seconds (H) 1.85 seconds (I) 2.25 seconds
(J) 3.85seconds

Track: Comprehension, Video Type: Problem-
solving video, Subject: Math, QA Type: Problem-
solving Strategy Comprehension (PSC)

Hu et al. Video -MMMU: Evaluating Knowledge Acquisition from Multi-Discipline Professional Videos. arXiv:2501.13826

Question: Based on what you learned from the
video, write the Fourier series for the three voltage
waveforms in (a) of <image 1>.

Options: i

(A) (4/m)(sin(it)+(2/2)sin(31t) +(1/4)sin(5mt) +

B) (4/m)(sin(mt)+(1/3)sin(3mt)+(1/5)sin(5mt)

(C) (a/m)(sin(mt)+(2/2)sin(2met)+(2/4)sin(4Tit)+...)

() (4/m)(sin(mt)+(a/4)sin(3t)+(2/6)sin(5Tit)+..)
Track: Adaptation, Video Type: Problem-solving
video, Subject: Electronics, QA Type: Problem-

solving Strategy Adaptation (PSA)

U
n

(1]
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How much the model understood  what happened overall

video/ adaptation of knowledge to a new but similar task

Engineering

(a) Video distribution across disciplines.

k JI8TEA 4 S 3e ¢ &, Tkl des N U Birn Si

Problem-solving OCR

Adaptation

Case study (242

Analysis
ASR
Problem-solving Concept

Comprehension Comprehension

(b) QA distribution across types.

/ questions about the

Number of QA

(ral add g & T e dre WSEQ ISEYF4E oS Eia aivH O SAYTE
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concept in the

@ Audio might not help 01 Audio might help
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(c) QA distribution with respect to audio.
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Comparison of Axyoniedge Detween Human and Models
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Holistic LVU
(a) Topic Reasoning (b) Anomaly Recognition

o R

Q: What is the person in the game doing? Q: What type of abnormality in this surveillance video?
(B) Building an automatic farm (A) Fighting

(c) Video Summarization

Prompt: Please summarize the main content of this video.
Standard Answer: The video starts with someone in blue pants entering a bright room, talking to another in a black shirt, and then ...

bl BiEMe U | i Sqp| vGep & T Isivigil] o & a3 & mS@lvmiege §° —=F ~H
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Benchmarks: MLVU (2025) |

Single-Detail LVU . R U T AT
(d) Needle Question Answering (¢) Ego Reasoning ¢ &n iﬁl :E[/Z%S Sn EM
= ) Vi VA

Q: Where was the baking glove before | hung it on the hook?
(A) On the kitchen count

(f) Plot Question-Answering
7 luinlenlt
Mo E—1 = el
Q: What does the cartoon mouse use to hit the cartoon cat?
(C) Vase

LI 1T r 1 1 1 T X X T J J ¥

Q: What is the man in the video doing on the lake shore
during the sunny summer?

(B) Catching the drone

(g) Sub-Scene Captioning

Prompt: Please describe how the man in the white suit saved the woman wearing red high heels when she was about to fall due to
a twisted ankle...

Standard Answer: The man in the white suit hooked a tree with one foot and used his hand to grab her, preventing her from falling.
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Benchmarks: MLVU (2025)
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Multi-Detail LVU

(h) Action Order (i) Action Count

Q: Order these actions from the video: (1) water skiing, Q: How many times does the action of "carving a
(2) playing trombone, (3) making jewelry. pumpkin" occur in this video?
D)2->3->1 (C)4

Zhou et al. MLVU: Benchmarking Multi -task Long Video Understanding. CVPR 2025

(1]
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Zhou et al. MLVU: Benchmarking Multi -task Long Video Understanding. CVPR 2025
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Lecture #2

Video Modality

Methods Date — Holistic Single Detail Multi Detail Wiy Gohvg
TR AR VS® NQA ER PQA SSC* AO AC
Full mark - - 100 100 10 100 100 100 10 100 100 100 10
Random - - 167 167 - 16.7 167 16.7 - 16.7 167 16.7 -
Short Video MLLMs
Otter-V [23] 2023-05 16 frm 165 128 218 167 226 220 420 12:.9513:3 16.7 3:19
mPLUG-OwI-V [54] 2023-04 16 frm 253 154 220 6.7 132 220 5.01 143 200 16.7 3.61
VideoChat [25] 2023-05 16frm 264 128 215 183 170 220 490 157 117 17:9 3.53
Video-LLaMA-2 [59]  2024-08 lI6frm 527 128 223 133 170 120 487 157 83 18.8 3.55
VideoChat2-HD [26] 2024-06 16 frm 747 436 283 350 340 300 514 214 233 374 3.99
Video-LLaVA [28] 2023-11 8 frm 703 385 209 230 264 260 506 200 217 29.3 3.68
ShareGPT4Video [7] 2024-05 16frm 736 256 253 317 453 380 472 171 83 34.2 3.63
VideoLLaMA2 [9] 2024-06 16 frm 802 538 280 367 547 540 509 429 16.7 48.4 3.95
Long Video MLLMs
MovieChat [41] 2023-07 2048 frm 187 103 230 233 151 160 324 17.1 150 16.5 2.77
Movie-LLM [42] 2024-03 1 fps 275 256 210 100 113 160 493 200 21.7 18.9 3152
LLaMA-VID [27] 2023-11 1 fps 209 231 270 21.7 113 160 415 186 150 18.1 343
MA-LMM [16] 2024-04 1000 frm 440 231 3.04 133 302 140 461 186 133 224 3.83
MiniGPT4-Video [3] 2024-04 90 frm 649 462 250 200 302 300 4.27 15.7 15.0 31.7 3.39
LongVA [60] 2024-06 256frm 813 410 290 467 396 460 492 171 233 42.1 3.91
Video-CCAM [11] 2024-08  96frm  79.1 385 265 450 528 560 449 243 267 46.1 357
Video-XL [40] 2024-09 256frm  78.0 282 340 500 415 460 502 486 317 46.3 421
LLaVA-Onevision [24]  2024-08  32frm 835 564 375 467 584 580 509 357 233 51.7 442
GPT-40! [37] 2024-05 0.5 fps 837 688 494 429 478 57.1 6.80 462 350 54.5 5.87

NN
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e Compare with random
guessing

e Open generation
(reference, embeddings,

LLM)
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Lecture #2

Video Modality

Methods Date — Holistic Single Detail Multi Detail Wiy Gohvg
TR AR VS® NQA ER PQA SSC* AO AC
Full mark - - 100 100 10 100 100 100 10 100 100 100 10
Random - - 167 167 - 16.7 167 16.7 - 16.7 167 16.7 -
Short Video MLLMs
Otter-V [23] 2023-05 16 frm 165 128 218 167 226 220 420 12:.9513:3 16.7 3:19
mPLUG-Owl-V [54] 2023-04 16 frm 253 154 220 6.7 132 220 5.01 143 200 16.7 3.61
VideoChat [25] 2023-05 16frm 264 128 215 183 170 220 490 157 117 17:9 3.53
Video-LLaMA-2 [59]  2024-08 lI6frm 527 128 223 133 170 120 487 157 83 18.8 3.55
VideoChat2-HD [26] 2024-06 16 frm 747 436 283 350 340 300 514 214 233 374 3.99
Video-LLaVA [28] 2023-11 8 frm 703 385 209 230 264 260 506 200 217 29.3 3.68
ShareGPT4Video [7] 2024-05 16frm 736 256 253 317 453 380 472 171 83 34.2 3.63
VideoLLaMA2 [9] 2024-06 16 frm 802 538 280 367 547 540 509 429 16.7 48.4 3.95
Long Video MLLMs
MovieChat [41] 2023-07 2048 frm 187 103 230 233 151 160 324 17.1 150 16.5 2.77
Movie-LLM [42] 2024-03 1 fps 275 256 210 100 113 160 493 200 21.7 18.9 3152
LLaMA-VID [27] 2023-11 1 fps 209 231 270 21.7 113 160 415 186 150 18.1 343
MA-LMM [16] 2024-04 1000 frm 440 231 3.04 133 302 140 461 186 133 224 3.83
MiniGPT4-Video [3] 2024-04 90 frm 649 462 250 200 302 300 4.27 15.7 15.0 31.7 3.39
LongVA [60] 2024-06 256frm 813 410 290 467 396 460 492 171 233 42.1 3.91
Video-CCAM [11] 2024-08  96frm  79.1 385 265 450 528 560 449 243 267 46.1 357
Video-XL [40] 2024-09 256frm  78.0 282 340 500 415 460 502 486 317 46.3 421
LLaVA-Onevision [24]  2024-08  32frm 835 564 375 467 584 580 509 357 233 51.7 442
GPT-40! [37] 2024-05 0.5 fps 837 688 494 429 478 57.1 6.80 462 350 54.5 5.87

NN
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Close-Ended Evaluation

Action Sequence (AS)
Question: In the video, what is the correct sequence of actions performed by the man in plaid clothes?

(5) Body swaying - Rise and cheer - Move forward to hug the sandbag, walk around and speak - Move the sandbag away.

Holistic Action Classification (HAC) Non-Subject Motion (NSM)

Question: Based on the overall dynamics of the video, what Question: Which non-subject element's dynamic change is
activity is the woman wearing a tank top primarily engaged in? correlated with the main characters' activities?

(2) Continuously engaging in boxing training;
(3) The figure in the mirror continues to move;

Camera Motion (CM) Single Action Detail (SAD)
Question: When the camera moves to the right, on which Question: In the video, what action did the man in the plaid
subject's action does the camera's focus mainly concentrate?" clothes and gray pants perform on the sandbag?

(2) The man moves and hugs the sandbag;
(3) Move the sandbag away;

Multiple Action Details (MAD)
Question: In the video, what interactions did the man wearing a checkered shirt have with the sandbag at different moments?

(4) Move forward to hug the sandbag, push the sandbag with hands, and move the sandbag away;
I O | N N N S N S S S S S S S S S S ——
L 1 | 1 | 1 | | | L 1 1 1 | 1 | L 1 | | | L L 1 1 | 1 1 | 1 | 1 1 | 1 | 1 | 1 | 1 | L ]

e i8TiMe © a~3 Sspii B | - 1SSk $ Je 83 CrspSin B an 9

~§hxa ¥y U ]
| %3+ bkal¥n

Test the understanding of
fine-grained details in the
video (gestures)
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Open-Ended Evaluation d —-€EI CEELI fér—ﬂ E

{Prompt: Please analyze and describe the temporal dynamics in this video, focusing on the camera motions, actions, activities, | -~ o Ve oA I e

. and interactions rather than the static content.

Model Response: The camera shakes as a woman in green pants hits a punching bag with her hands, then turns to the right and |

/4 J4 14 .o
kicks the bag with her leg. A man in a checkered shirt stands up and walks to the bag and holds it steady for her. The woman I o —BS ) )
in green pants then kicks the bag again, while the man in the checkered shirt speaks and gestures. ~N ST TﬂSnE

14 r N ~
GPT-Assisted Evaluation La"“;fﬁ:ﬁ"f‘“@x LLM-Free Evaluation Framework @ n STS(yQId T
Precision:
Correctness: 6 Motion-Related Elements in Model Response: Match 63.5
:>@ ‘:> Reason ;e Camera Motion: Camera shakes. & et
. . Subjects: {Subject 1: Woman ...} Compare :
Compare & Evaluate gzzzzrdrffs. 3 Motion List: {Subject 1: [kicks the bag with her leg, ..1], : =)
Subject 2: [stands up, ...l]} Order:
Temporal Motion List: 89.5
Manual Annotated Caption: kicks the bag with her leg (Subject 1), ...
Forward dolly shows a woman practicing
boxing. A man sits on a chair swaying his Manual Structured Annotation:
body, with a figure moving in the mirror. Camera Motion: Forward dolly, Tracking shot, Left pan, Right pan.
The man stands up and cheers. The camera Subjects: {Subject 1: Woman [Tank top, gray shorts],
follows the man as he walks forward, Subject 2: Man [Checkered shirt, black hair]}
holds the punching bag, and talks while Motion List:
moving. Left pan reveals the woman still {Subject 1: [Practices boxing], Subject 2: [Sways body, Stands up, ...]}
practicing boxing. Right pan shows the Temporal Motion List:
man moving the punching bag away. Practices boxing (Subject 1), Sways body (Subject 2), Stands up (Subject 2), ...

€j8TiAMe © o ~3 SFIE B | - S1SamsSE S| G Gt 653 CrasSin B an S| i | I 1 SAT v o 90 @iH AS'EQKH
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Video -La VIT (ICML 2024, Oral)

Next Image/Motion/Text Token Prediction

[IMG] [/IMG] [MOV]

Image Tokenizer
(from LaVIT)

t t

Key Frames I Motion M

Image Token mn
eI

Motion Token BRI - @

,,,,,,,,,,,,,,,,,,
''''''

Text Token

Raw Video Sequence

Motion
Tokenizer f;
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Video -LaVIT: MPEG-4

L - yiss e —Ld 3E Ty Pi| inaion SHYSi| v SH| {SV1C4| SEI & sOYiES | v dirysmi B
IR - 1 osksa] ks s

Motion Vector m(p, q) = argmin [|1;(p, q) = L1 (p — i,q = )|
1 aqi b N A
NIEXEVI T : (//
( ’j) — coordinate offset between the center
Ed aodi e
A%
7: A

“ Previous Frame I
= t—1

IO c RH XW x3
—>
It Current Frame Time Ud Sl H lé ?2?7?
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Next Image/Motion/Text Token Prediction

Image Tokenizer

} ~ Motion
(from LaVIT) . Tokenizer f;
TxHxW x2
Key Frames [, Motion M MeR 16716
‘w_/, IO c RHXW X3
Image Token Decomposition
' : : J“.:’:l"‘ 1):-! w . ? ] ’ =
Motion Token e S B4
Text Token

Raw Video Sequence
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Next Image/Motion/Text Token Prediction

Video-LaVIT

Image Tokenizer
». (from LaVIT)

+ .

Key Frames I, Motion M

Image Token Wn
{l r I'.. (. ‘

Y --91'1-'1’:':4‘1‘I 3 r"
S S 15 e

LR
o

Motion Token

Text Token

Raw Video Sequence

Motion

Tokenizer f¢

Lecture #2
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Video Modality

Reconstruction Loss -

I\

—» Motion Quantizer Q

R A Latent Embedding Z

spatiotemporal encoder fs

A

Motion M
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Reconstruction Loss -
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Decoder fp
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— Motion Quantizer Q
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Reconstruction Loss -

A
Each embedding vector is then tokenized by a
Decoder fp vector quantizer
A 2 = argrr;in 12(2:) — l2(cs) |2
A

—» Motion Quantizer Q

codebook C ‘ 7 € RiVxd
A Latent Embedding Z

spatiotemporal encoder f: £

A

H,W
Motion M M € RTXRXEXQ
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Next Image/Motion/Text Token Prediction Reconstruction oSS -

Video-LaVIT

o E 4 " Ny

 Image Tokenizer . Motion . ‘
. (fromLaVIT)  / b Tokenizer f; | — Motion Quantizer 0
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* * oodSocss A Latent Embedding Z

Key Frames I, Motion M
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“\ spatiotemporal encoder fe |
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Raw Video Sequence Motion M
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CLIP: 400M (image, text) pairs, 500xV100 GPUs for pretraining

2. Create dataset classifier from label text
aussie pup — Encoder a photo of Text
] 1 1 l a {object}. =" Encoder

7R - T o T

1. Contrastive pre-training

— I LT, LT, ITg Ty Ty
— I LT Iyl I,T; - Iy 3. Use for zero-shot prediction
Image
Encoder I IpTy IzT, I3l I3Ty
Image
- . —_—r
Encoder 1
—_— Iy IyT, Iy, IyTs Iy Ty

Radford et al. Learning transferable visual models from natural language supervision. ICML 2021

LT, LTy -~ LTy

a photo of
adog
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Lecture #2 N
Video Modality

729 is the #tokens for SigLIP to encode a visualinput of resolution 384 x 384

N * 196 Tokens

...NCrops [(1+9)*729 =7290 Tokens
12 * 729 = 8748 Tokens
... NFrames 32 * 196 = 6272 Tokens

Example on Token Strategy

UdSTEAS00 s 30 557 d FLAE 4 e anieC1SE@a aivE, YS AXT

Max Tokens
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Single-Image (31.2%)
W Cauldron (40.2K)
% Cambrian (filtered GPT40) (24.9K)

B Magpie Pro (90.0K)
W UReader (39.9K)
LLAVA-Wild (train) (10.9K)

vnr

=sha s, [
| %5+ PkalEn

OneVision 1.6M —a high-quality single-image, multi-image and video dataset collection

M Vision FLAN (filtered) (55.8K) M Image Textwalization (49.8K)

W ShareGPT4V (21.0K)
LAION-GPT4V (8.0K)

W ALLaVA Inst. (21.0K)
LLAVA-158K (7.0K)

W ContrastiveCaption (25.2K)
DreamSim (15.9K)

nuScencs (9.8K)
RecipeQA-ImageCoherence (8.7K)
MagicBrush-Diff (6.7K)
CLEVR-Change (3.9K)

DocVQA (MI) (1.9K)

W ALFRED (22.6K)
Birds-to-Words (14.3K)

I FlintstonesSV (22.3K)
PororoSV (12.3K)

Geol70K-QA (6.8K) Geol TOK-Align (6.0K) ShareGPT4o (5.7K) TabMWP (4.5K)
LLAVAR GPT4 (4.0K) MapQA (4.3K) MathQA (3.0K) TextOCR (GPT4V) (2.5K)
TextCaps (2.2K) ScienceQA (1.9K) FigureQA (1.8K) GeoQA+ (1.7K)
AI2D (IntermnVL) (1.2K) UniGeo (1.2K) TconQA (1.1K) LRV-Normal (filtered) (1.1K)
TQA (1.0K) Geometry3K (1.0K) Super-CLEVR (0.9K) AI2D (GPT4V) (0.7K)
VizWiz (0.7K) VQA-AS (0.6K) CLEVR-Math (0.5K) PlotQA (0.5K)
GEOS (0.5K) InfoVQA (0.9K) PMC-VQA (0.4K) Geo3K (0.2K)
VQA-RAD (0.2K) LRV-Chart (0.2K)
B NLVR (86.4K) M Co-Instruct (50.0K) M ScanNet (49.9K)
B RAVEN (35.0K) B IconQA (34.6K) M VIST (26.0K) ¥ ScanQA (25.6K)

ImageCode (16.6K)
Spot-the-Diff (10.8K)

Video (25.9%)

VISION (9.9K) WebQA (9.3K) RecipeQA-VisualCloze (8.7K)
TQA (MI) (8.2K) AESOP (6.9K) HQ-Edit-Diff (7.0K)
COMICS-Dialogue (5.9K) MultiVQA (5.0K) VizWiz (MI) (4.9K)
NextQA (3.9K) IEdit (3.5K) Star (3.0K)
MIT-PropertyCoherence (1.9K)  MIT-StateCoherence (1.9K) OCR-VQA (MI) (1.9K)

M ActivityNet (6.5K) W Charades (23.6K) W Ego4D (0.8K)

NN

I NextQA (9.5K) ShareGPT4Video (255.0K) Youcook2 (41.9K)
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S5: Video-to-Video Difference

User

Here are two videos, please provide the analysis on their differences.

LLaVA-OV

The first video shows a sequence of images where a man in a blue plaid shirt approaches a woman
in a red dress, engages in a conversation, and eventually gives her a kiss on the cheek. The woman
in the red dress is looking at the man with a slight smile, and another woman in a light blue top is
observing the scene. The setting appears to be a street with buildings in the background.

The second video shows the same man in the blue plaid shirt walking away from the woman in
the red dress, who is now looking in the opposite direction. The woman in the light blue top is
no longer visible in this sequence. The man is walking down the street, passing by the buildings
and other pedestrians. The overall mood of the video changes from the intimate and personal
interaction in the first video to a more solitary and neutral scene in the second video.

S3: Set-of-mark Prompting

Lecture #2
Video Modality

[

Wree = |8

Here’s an image with objects labeled in numl;ers. Please describe the objects that are marked as 4,

User
Sand7.
LLaVA-OV  The image shows a room with various items marked with numbers. Here’s the description for the

items marked as 4, 5, and 7:

The item marked as 4 is a framed picture hanging on the wall. It features a black and white
illustration of a dandelion with seeds blown away, creating a sense of movement. The item marked
as 5 is a white bookshelf with multiple shelves. It appears to be a storage unit that is part of the
room’s furniture. It is located between the two desks. The item marked as 7 is a black chair with
a modern design. It has a metal frame and a woven seat, suggesting a contemporary style. This
chair is positioned in front of one of the desks.

EnEC/AEISEA aiE, YS AA"T
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Source T::;iing
HD-VILA-100M
InternVid
ActivityNet ®6G
VIDAL
Charades ®®
Ego4D 00
VidOR
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10 datasets from
which all are
inherited

Filtering steps
(long video,
diverse, high-
quality)

In totalis 178k
videos
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GPT has finite

Video length of input
- : context, so authors
ll.llIllIIIIlI!IIIIIIIIIIIIIIIIIIIlIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
Time  —@ L # @ @ ® ® @ @ L 4 ® @ o— came up with a
0s 5s 10s 15s 20s 25s 30s 35s 40s 455 50s 555 60s ive LLM
Description recursive
Level-1 scheme
Level-2
Level-3
@ Video clip \
t'z \\\_\ t i T l
> e
e & Lvm /rb@ LLM e @ Lm
Time - * Ve ¢ 7 ¢
interval
= t t1 t T-1 il

(a) Level-1 Description (b) Level-2 Description (c) Level-3 Description
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Os 5s 10s 15s 20s 25s 30s

Annotation type 1: detailed description

The video begins with a black screen displaying the text ‘Normal
People Vs Ultra’ in pink and white letters, accompanied by two smiling
face emojis. The scene transitions to a modern building with a
staircase. Three individuals, dressed in black suits and white sneakers,
stand in a line on the stairs. The text ‘Normal’ appears in a red box at
the top left corner. The individuals start walking up the stairsin a
synchronized manner, maintaining their formation. The background
shows a few people walking and an escalator on the right side of the
stairs. The individuals continue to walk up the stairs in a coordinated
manner. The scene then transitions to... <omited>

@ ® & L - o—
35s 40s 45s 50s 55s 60s

Annotation type 2: open-ended question
Question: How many steps does “normal people”
climb?

Answer: "Normal people" climb 7 steps in the video.

Annotation type 3: multi-choice question
Question: How many steps does “normal people”
climb?A.5B.6C.7D.8

Answer: C.7

~§ ha1 8,

O
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Caption  Open-Ended Q&A Multi-Choice Q&A
=
5 Iz

o 2|3 § | s 5 £ & £

2 Il & |2 - § ¢ & % %

S 5| =z g ) s g & 5] ) s
Model > 8| = = = &

test test| test  test |test m-avg test mc val val wo/w-subs
Proprietary models
GPT-4V (OpenAl, 2023) 4.0034.4/57.0 4.06 | - 492 435 - - 61.3 59.9/63.3
GPT-40 (OpenAl, 2024) - 39.2| - - - 646 - - - 66.7 71.9/77.2
Gemini-1.5-Flash (Team et al., 2023) - 348|553 - 65.7 - - - - 61.6 70.3/75.0
Gemini-1.5-Pro (Team et al., 2023) - 36.2|57.5 - J2200 - - - - 64.0 75.0/81.3
Open-source models
VILA-40B (Lin et al., 2024) 3.3733.2/580 3.36 (580 - - 679 540 - 60.1/61.1
PLLaVA-34B (Xu et al., 2024a) - 28.2(60.9 3.48 - - 581 - - 532 -
LongVA-7B (Zhang et al., 2024c) 3.14 - (500 320 | - 563 - 683 - - 52.6/54.3
IXC-2.5-7B (Zhang et al., 2024b) - - 528 346 | - 373 69.1 71.0 344 - 55.8/58.8
LLaVA-OV-7B (Li et al., 2024c) 3.7531.7/56.6 3.51 |60.1 64.7 56.779.4* 57.1 56.5 58.2/61.5
VideoLLaMAZ2-72B (Cheng et al., 2024) - 27.1/55.2 3.16 |63.9 61.2 62.0 - - - 61.4/63.1
LLaVA-OV-72B (Li et al., 2024c¢) 3.6033.2(62.3 3.62 |62.0 68.0 59.480.2*% 66.9 61.3 66.2/69.5
LLaVA-Video-7B 3.66 32.5(56.5% 3.52 |[57.3 70.8 58.683.2% 67.9% 58.2 63.3/69.7
LLaVA-Video-72B 3.7334.0/63.4% 3.62 |[65.6 744 64.185.4%74.3%61.9 70.5/76.9

Liet al. LLa VA-One Vision: Easy Visual Task Transfer. arXiv:2408.03326

NN
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Video 1
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[ VideoLLLaMA3: The boy in the image 1 has blonde hair, and the man in video 1 is diving. ]
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[ Pre-trained Large Language Model ]
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Lecture #2
Video Modality

Dynamic Resolution Input

SigLIP has been fine -tuned
to accept images of

different sizes, not only 336 x
336
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VideoLLaMAS: Training
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Scene Image Document Scene Text Scene Image Document Chart OCR
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VideoLLaMA3: Datasets

Used datasets (“recap”

means labeling from scratch):

Table 1: Data mixture in vision encoder adaptation stage.

~§ ha1 8,

Task Dataset Amount

Scene Image VL3-Syn7M-short, LLaVA-Pretrain-558k [55], Objects365-Recap [56],  11.84M
SA-1B-Recap [57]

Scene Text Image  BLIP3-OCR-Recap [58] 0.93M

Document pdfa-eng-wds [59], idl-wds [60] 2.80M

N
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Bogiang Zhang et

m!

o
| g 5
S ~ 5 R/ $ S S
Fu | fo | 33 | SO | §o | I8 | Fo
O |¥& |[V& |58 YR |t |78
General Video Understanding
VideoMME w/o sub 63.3 64.2 63.3 64.2 61.3 54.9 66.2
VideoMME w/ sub 69.0 66.9 69.7 70.0 63.3 56.4 70.3
MMVU,a 4211 4111 424" 437" - 39.5 44.1
MVBench 67.0 72.0 58.6 68.1 - 57.3 69.7
EgoSchematest 66.7 66.2" 57.3 54.3" - 53.1 63.3
PerceptionTestest 62.3 68.9" 67.9" 65.4" - 54.9 72.8
ActivityNet-QA 574" 58.9" 56.5 60.9 - 53.0 61.3
Long Video Understanding
MLVUg4ey 69.8" 69.0" 70.8* 70.6" 709 57.4 73.0
LongVideoBench,., 55.61 60.0 58.2 57.7 58.5 - 59.8
LVBench 4.7* 43.2* 415" 440" - 36.2 45.3
Temporal Reasoning
TempCompass 67.91 68.3" 65.4 69.7" 64.9 56.8 68.1
NextQA 81.2* 85.0" 83.2 82.2 - 75.6 84.5
Charades-STA - - - - - - 60.7
al VideoLLaMA 3: Frontier Multimodal Foundation Models for Image and Video Understanding. arXivi2501.13106.
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k Sy 3y ATSARAY T | Sy it = vy Redundancy among  video timestamps
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e Measure temporalredundancy
in chunks of video

e Chunks with low change (high
similarity) are considered
redundant and receive heavier
compression

e Noretraining :Alldecisions use
computed similarities and
attention scores
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Model LLM Size VideoMME MLVU LongVideoBench LVBench
Long Overall dev val val
GLM-4V-Plus - - 70.8 - - 58.7
GPT-40 - 65.3 L) 64.6 66.7 27.0
Gemini-1.5-Pro - 67.4 75.0 - 64.0 33.1
VITA-1.5 7B 47.1 56.1 - - -
mPLUG-OwI3 7B 50.1 59.3 63.7 52.1
NVILA 8B 54.8 64.2 70.1 577
ByteVideoLLM 14B 56.4 64.6 70.1 -
TPO 7B 55.4 65.6 71.1 60.1 -
VideoLLaMA3 7B - 66.2 73.0 59.8 453
LLaVA-Video+AdaRETAKE 7B 539 64.0 70.6 59.6 49.6
QWen2-VL+AdaRETAKE 7B 56.4 64.2 72.0 O 48.9
QWen2.5-VL+AdaRETAKE 7B 58.3 67.7 75.0 62.6 51.2
LLaVA-OneVision 72B 60.0 66.3 68.0 61.3 -
Oryx-1.5 32B 59.3 67.3 72.3 62.0 30.4
Aria 8x3.5B 58.8 67.6 70.6 65.3 -
LLaVA-Video 72B 61.5 70.6 74.4 61.9 -
Qwen2-VL 72B 62.2 71.2 - 60.4 41.3
InternVL2.5 72B 62.6 72.1 75.7 63.6 43.6
Qwen2.5-VL+AdaRETAKE 72B 65.0 73.5 78.1 67.0 53.3
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Visual ChatGPT (2023), Higging GPT (2023)

User Query (Visual Foundation Models)
Y please generate a red ‘

flower conditioned on A~

'th:v predictelclldepth of @l »
- . sl A . oo L LA S g e e g o e 7 e this image and then e
f Ip-I (IuSEﬂ YE" 7S IpE STSWJSHWﬁCUEﬂl 72 SE mlakle it like a cartoon, ® ' «
i i 7 A &F step by step
i Stable i IPi

BLIP  Diffusion | X2F X

¥

P
o el g

Manager
ChatGPT ControlNet Detection
T \_ J
Iterative Reasoning Outputs
vvy, % @ Here you are.

What else
can | help
you?
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https://arxiv.org/abs/2303.04671
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@NEXT-GPT: Methodology

' Image Input Image Output o |
5 ,_M'«- Projection 4 —>

. Audio Input Audio Output
Audio Projection h Projection “

Video Input Video Output Video
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@NEXT-GPT: Methodology

' Image Input Image Output o |
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. Audio Input Audio Output
Audio Projection h Projection “

Video Input Video Output Video
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BN .| Image Inpu mage Output | o

Tnage 4 > Projection j . | Projection A > > N
—— N e

Audis Audio Input Audio Output
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Video Input
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Encoder Input Projection LLM Output Projection Diffusion
Name Param Name Param Name Param Name Param Name Param
Text —_ —_ — — — —_ — —
Image Vicuna 7B Transformer 31IM® SD 1.3B
Audio ImageBind 1.2B Grouping 28M & (LoRA 33M %) Transformer 3IM® AudioLDM 975M
Video Transformer 32M® Zeroscope 1.8B

link


https://arxiv.org/abs/2305.05665
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Only image -paired data is sufficient to bind the modalities together
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https://arxiv.org/abs/2305.05665
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Audio Depth Text
' “A fire crackles while a pan of food is frying on
‘ ’)) \ the fire.”
) F\ “Fire is crackling then wind starts blowing.”
Crackle of a Fire y “Firewood crackles then music...”

“A baby is crying while a toddler is laughing.”
“A baby is laughing while an adult is laughing.”
““A baby laughs and something...”

<)

Baby Cooing

BindDiffusion: One Diffusion To Bind Them All. [link
InternGPT: Solving Vision -Centric Tasks by Interacting with ChatGPT Beyond Language. [link]


https://github.com/sail-sg/BindDiffusion
https://arxiv.org/pdf/2305.05662
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Encoding Stage: Multimodal Alignment
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Video Modality
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@ NEXT-GPT: Evaluation
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Certainly! Here's a synthesized
music track that could enhance the
humor and lightheartedness of the
scene:
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http://drive.google.com/file/d/1i6HfRcyUuxG57qrbHIAn-TIrO6ptQm6u/view
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Model Version Image Captioning Image Question Answering Comprehensive
NoCaps Flickr 30K COCO VQAY2 VizWiz OKVQA MMB SEED
InstructBLIP (Dai et al., 2023) Vicuna-7B 123.1 824 102.2 - 334 339 36.0 -
LLaVA (Liu et al., 2023b) LLaMA-2-7B-Chat  120.7 82.7 - - - - 36.2 -
mPLUG-OwI (Ye et al., 2023b) LLaMA-7B 117.0 80.3 119.3 - 39.0 - 46.6 34.0
Emu (Sun et al., 2023) LLaMA-7B - - 117.7 40.0 354 34.7 - -
DREAMLLM (Dong et al., 2023) Vicuna-7B - - 115.4 56.6 45.8 443 499 -
Video-LLaVA (Lin et al., 2023) Vicuna-7B - - - 74.7 48.1 - 60.9 -
NExT-GPT Vicuna-7B 123.7 84.5 124.9 66.7 48.4 521 58.0 57.5
Model Version Video Captioning Video Question Answering Audio Captioning
MSR-VTT MSVD-QA MSRVTT-QA NExTQA AudioCaps
Codi (Tang et al., 2023) - 74.4* - - - 78.9*
UIO-2XXL (Lu et al., 2023) 6.8B 48.8* 41.5 52.1 - 48.9*
Video-LLaMA (Zhang et al., 2023c) LLaMA-7B - 51.6 - 29.6 -
Video-LLaVA (Lin et al., 2023) Vicuna-7B - 70.7 59.2 - -
Emu (Sun et al., 2023) LLaMA-7B - 32.4 14.0 6.8 -
NExT-GPT Vicuna-7B 76.2* 64.5 61.4 50.7 81.3*
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VideoPoet: Overview
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A 7~ e Video Modality
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How to decode visual features? 17 x 896 x 512 > 35,840
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impractical autoregressive sampling

bidirectional attention prefix autoregressively generated output

[ VideoPoet (LLM) ]

(sbos>|<task>J<bot_i>] text tokens J<eot_i>[<bov_i>[  visual tokens  Y<eov_i>[<boa_i>[ audio tokens Y<eoa_i>J<res>J<bov_o>] visual out)<eov_o>[<boa_o>Jaudio out)<eoa_o>[<eos>)

ts MAGVIT-v2 Sound MAGVIT-v2
encoder encoder eam decod
encoder helsle A1

An astronaut starts dancing
on Mars. Colorful fireworks
then explode in the background.

Sound
Stream
decoder

a 3 L
output audio

1
\

: 4
depth & cropped or
optical flow | | masked video SHERcen




* m S| -] STie  d° pesa”

%Iicate
1 1
1 1
1 1
u v0 m V1:4 ‘ vN-4:N—1

-

OO0 OO0 Oooo
} } }
Causal Transformer
|
Quantizer
'

0000 good  ==- 0000

XO X1;4 XN-4:N-1

Lecture #2 1]

Casual tokenizer architecture comparison

The decoders, which are omitted from the figure, employ an
architecture that is symmetric to the encoder
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Extended Video

Two raccoons on motorbikes. A
meteor shower falls behind the
raccoons. The meteors impact
the earth and explode
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VideoPoet: Video-to-Audio
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A pink cat playing
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Benchmarking of MLLMs for video modality
is mostly done now via static benchmarks
with |
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